Abstract. The DGPS (Differential GPS) and EGNOS (European Geostationary Navigation Overlay Service) systems belong to a group of systems supporting the global satellite system GPS (Global Positioning System). These systems have significantly better navigation performance than GPS and, therefore, they are widely used in the maritime, civil and air navigation. The analysis of the positioning accuracy of GPS leads to the conclusion: from year to year the accuracy of the positioning determination increases. The effect of the permanent increasing of the GPS positioning accuracy is the parallel increasing of the positioning accuracies of all the supporting systems. In connection with the constant improvement of the precision characteristics of the above mentioned systems on one hand and the fact, that the users do not possess the current information about the actual status of these characteristics on the other hand, it is reasonable to conduct the periodical research in this area. For that purpose the long-term measurement campaigns were realized in the years 2006-2014; the values of measures, describing the positioning accuracies obtained by both systems, were determined on the basis of those campaigns.
Introduction
The positioning accuracy of GPS depends on the value of a selected Dilution of Precision (DOP) and the User Equivalent Range Error (UERE), which consists of the User Range Error (URE) (Y. Wang, R. Li 2013) , as well as of the User Equipment Error (UEE). The value of UEE for the equipment from the 80s of the last century was typically 5.5 m (p = 0.95), while nowadays is 1.6 m (p = 0.95) (U.S. DoD 2008). Accordingly, the pattern for the positioning accuracy may be represented as the following formula (P. Grall Where: DRMS -Distance Root Mean Square (horizontal, vertical, spatial) depends on a selected Dilution of Precision (DOP) UERE -User Equivalent Range Error URE -User Range Error UEE -User Equipment Error DOP -a suitable geometric factor of the satellite position which is relative to the equipment: GDOP, PDOP, HDOP, VDOP, TDOP (Dilution of Precision)
The equation (1) for the positioning accuracy of coordinates for the GPS system takes the simplified form, which is adequate and flexible for many applications. It is correct, because all the pseudorange measurement errors are normally distributed (Gaussian distribution). The chart below ( fig. 1 ) presents the changes in the value of the Twice Distance Root Mean Square Error (2DRMS) 2D for the GPS system (p = 0.95) as a function of the variable value URE (B.K. Bailey 2014), assuming UEE amounting to 0.8 m (RMS) and the factor HDOP, which is equal 1.5.
From year to year the positioning accuracy of GPS increases and, thus, the positioning accuracies of the systems supporting it (DGPS and EGNOS) also increase. To achieve this, the numerous tests concerning the evaluation of the positioning accuracies of DGPS and EGNOS have been fulfilled in Poland. The . The archived measurements, as well as those made in 2014, are based on the same calculation algorithm in the software Mathcad 15. The content of this article will be a comparative analysis of the positioning accuracies of coordinates within the DGPS and EGNOS systems which have been carried out in the recent years and based on the long-term measurement campaigns.
Types and measures of the positioning accuracy
The basic navigation characteristic feature of each positioning system is the positioning accuracy. This article attempts to assess the changes in the value of this parameter over the last 8 years. The positioning accuracy means the degree to which the statistics of the measured positions of coordinates are consistent with the actual, real values, or those, which we take for real. A measure of the positioning accuracy is its error, which can be assessed in relation to any dimension: space or plane. In order to determine the statistics of positioning errors in navigation, there are three types of accuracy (C. Specht 2007b; U.S. DoD and others 2012):
• Predictable accuracy is the positioning accuracy expressed in geodetic coordinate system, associated with a model of the Earth -ellipsoid; it informs about the statistical distribution of the positions, which were measured by the system, in relation to the actual values in the system of coordinates, which are used by the system;
• Repeatable accuracy is the positioning accuracy with which the system allows the user to return to a predetermined position within the system of coordinates, which are specific for this system; it informs about the statistical distribution of the positions in relation to its value, which is arbitrarily determinate and most often is considered to be an average position from a measurement series;
• Relative accuracy is the positioning accuracy, which is relative to another user of the same system, at the same time and on the same system of coordinates.
The basic measurements of the positioning accuracy of coordinates, which are used in the wider navigation, are shown in the The standard deviation of the mean square error, which is relative to φ, λ or h
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The radius of sphere centered at the true position, containing the position estimate with probability of 50% RMS ( The aim of the measurements was to determine the positioning accuracy of 2D and 3D coordinates of both systems. Reference Station DGPS Rozewie generated the RTCM message (type 9-3), transmitting the pseudorange corrections to the receiver of one frequency located in the port of Gdynia. It was a reference point with the ellipsoidal coordinates, which make up respectively: B = 54° 31.75524´ N, L = 18°33.57418´ E, H = 68.07 m, all the measurements for EGNOS and DGPS were relative to that reference point. The following minimum requirements for implementation the measurements were accepted:
• frequency measurements L1;
• topocentric height > 5°;
• level of signal strength min. 40 dBμV and signal-to-noise ratio min. 19 dB for DGPS;
• geometric factor PDOP for the elevation angle (masking) of the accepted satellites < 10°;
• geometric factor HDOP for the elevation angle (masking) of the accepted satellites < 6°;
• data recoding format -standard NMEA-0183 (communiqué GGA).
The figure 2 presents the location of the measurements spot -the radio beacon of the Port of Gdynia.
Method of compiling the data
Obtaining the data about the coordinates' positions of sets is the initial stage of the research implementation. The vast majority of modern manufactured sets of DGPS and EGNOS allows you to store the data in an automatic way. The manufacturers use two basic strategies of data saving. The first one allows you to save the measured data in a proprietary standard set by a manufacturer. This format makes it impossible to convert the recorded data into the text files in the formats accessible to the user. In this case the data processing is possible only with the use of special (dedicated) software. The second group is a group of sets having the ability to save the measurement data in a form of the text files with the defined data formats automatically. The most frequently used data recording format is the National Maritime Electronic Association standard (NMEA), in which the message dedicated to the saving of coordinates called "Global Positioning System Fix Data" (GGA) is used. Data important from the point of view of the positioning accuracy are indicated in orange ( fig. 3) .
The latitude and longitude presented for measuring the angles (curvilinear) prevent the determination of errors for the individual measurements. For this purpose, it is necessary to project the individual measurements from the surface of the rotational ellipsoid WGS-84 (a = 6378137.00 m, b = 6356752.314 m) (M.J. Merrigan and others 2002; NIMA 2000) on the flat surface using the Gauss-Krüger transformation, which is widely used in geodesy. The calculations obtained the plane coordinates (x, y), where the x value means the distance (in meters) from the Equator to a point measured along the meridian arc (on a rotated ellipsoid WGS-84), and the variable y value is the distance from the central meridian, which is arbitrarily set. The negative sign (minus) indicates that the point is located west of the meridian, while a positive sign (plus) corresponds to the position east of the meridian. In order to avoid the negative values for the y-axis coordinate the result is often added to a fixed value of where: e -first eccentricity of ellipsoid; η -orientation angle of distortion ellipse. The processing of the results for all campaigns was implemented in the software Mathcad 15, the first step of which was to convert the coordinates B, L do x, y.
Findings
For the evaluation of the statistical values of individual measurement accuracy (presented in the previous section), a spreadsheet within the software Mathcad 15 was created, it marked those values automatically. The following tables summarize the results of the evaluation of positioning accuracy measurement for the systems DGPS and EGNOS.
Within the research works it was also made the analysis of a random variable, which is an error of a single measurement in terms of typical statistics used in navigation. The statistical distribution of determining the position may be presented by the Rayleigh distribution in the form of a probability density function f(x; σ) and cumulative distribution F(x) (H. Śniegocki and others 2014): (ΔL) (ΔL) y R ΔL cos (B) cos (B) (1 t η ) 6 120
(5 18 t t 14 η 58 η t 13 η) Assessing in a comparative manner both systems (DGPS and EGNOS), the cumulative distribution functions of the Rayleigh distribution are presented in the figures 5 and 6.
Assessing in a comparative manner both of the systems (DGPS and EGNOS), the probability density function of the Rayleigh distribution is presented in the figures 7 and 8. (5 18 t t 14 η 58 η t 13 η) (5 18 t t 14 η 58 η t 13 η)
Conclusion
The analysis of the research findings showed, that the distributions of error of 2D po- As demonstrated by the research works in Gdynia, EGNOS system fulfils the abovedescribed requirements for a precision and therefore can be used, among others, in the selected applications of civil aviation, maritime and land navigation. 
